documented abnormalities in liver function tests (2, 13, 18, 23, The present experiments were undertaken to study the effect of a preparatory dose of gram-negative endotoxin on the liver. Sixteen adult male New Zealand rabbits bad initial liver biopsies, blood chemistries, and coagulation studies and were then divided into two groups: group I, consisting of 10 animals, received 50 pglkg endotoxin from Escherichia coli OlllB4; group 11, consisting of six animals, served as controls and received no endotoxin. In group I all animals developed increased levels of lactic dehydrogenase (LDH) isoenzyme 5 and SGOT and decreased serum albumin levels. A rise in the level of SGPT and 5'-nucleotidase occurred in most rabbits. LDH isoenzyme 5 values increased from 3.6 k 5.83 mU/ml before to 180.4 + 142.11 m U / d after endotoxin ( P < 0.005). SGOT rose from 28.90 + 8.87 mU/ml to 241.10 k 104.76 mU/ml ( P < 0.001). Serum albumin levels decreased from 3.78 + 0.31 g/ dl to 3.21 2 0.32 g/dl ( P < 0.001). SGPT initially showed a level of 41.00 + 6.97 mU/ml and this rose to 94.40 * 19.60 mU/ml ( P < 0.001). 5'-Nucleotidase rose from 1.48 + 0.69 mU/ml to 6.01 + 4.51 m U / d ( P < 0.01). The animals also had changes in coagulation tests with a decrease in factors I1 and V. Factor I1 was 77.4 + 11.82% before and decreased to 38.70 + 7.47% after endotoxin ( P < 0.001). Factor V values were 95.00 + 9.04% before and 50.6 + 7.5% after endotoxin ( P < 0.001). Changes in fibrinogen and factor VIII were not significant. Split products of fibrinogen showed a slight increase. Definite hepatic necrosis consisting of scattered patchy areas of variable size and severity was found in 7 of the 10 animals. In many of these areas of necrosis a polymorphonuclear leukocyte reaction and few small thrombi were detectable. The Liver biopsies performed before endotoxin administration failed to show any evidence of hepatic involvement. Group I1 control animals showed no indications of abnormal liver function and no evidence of hepatic necrosis. These studies indicate that significant hepatic changes occur after the administration of a single dose of endotoxin given in preparation for the Shwartzman reaction. Speculation
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In rabbits significant liver damage has been demonstrated after an injection of gram-negative endotoxin. The dose of endotoxin employed was similar to that frequently used to prepare animals for the Shwartzman reaction. This Liver damage was demonstrated to occur at a time when the provocative dose of endotoxin is usually given. In view of the role of the liver in replacing consumed clotting factors and in cleating thrombi, it is suggested that disturbed liver functions plays an important role in predisposing to disseminated intravascular coagulation (DIC), which is an integral part of the Shwartzman reaction.
Gram-negative endotoxin produces a wide variety of disorders in different animals (5, 16, 22) . Several investigators have 25, 27) and others have reported diffuse necrotic lesions in the liver ( 1 1 , 1 4 , 2 0 , 2 1 , 2 0 ) . Most workers have not attached much significance to these findings. Since the hepatic pathology may explain other important disturbances produced by endotoxin, hepatic function was studied in greater detail following a preparatory dose of 01 11-B4 E. coli endotoxin before the provocative dose was administered.
MATERIALS AND METHODS
Sixteen adult male New Zealand rabbits weighing between 2800 and 3300 g were studied between May 29 and October 11, 1975 . All the animals had baseline blood studies, liver biopsies, and repeated blood studies 24 hr thereafter. The animals were then divided into two groups: group I, copsisting of 1 0 animals given endotoxin immediately after the liver biopsy, and group IS, consisting of six animals serving as controls and not given endotoxin.
The animals were prepared in the following way. They were anesthetized using 3 mg/kg sodium thiopental intravenously and then immobilized. The skin of the neck was washed with Phisohex, sterilized with Betadine, and infilitrated with 2 % Xylocaine. A horizontal incision was made on one side of the neck and the external jugular vein was isolated by blunt dissection and catheterized with a no. 5 polyvinyl feeding catheter. The catheter was fixed in position with silk and the wound repaired with interrupted sutures. This procedure permitted blood to be obtained for liver function tests, hematologic and coagulation studies, and for split products of fibrinogen in a satisfactory manner. Liver biopsies were performed by exposing the right lobe of the liver through a paramedian incision. A disposable liver biopsy needle (Travenol, Deerfield, IL) was used to obtain the biopsy.
After these baseline blood samples were obtained, 50 pg/kg 0111-B4 bovine type gram-negative endotoxin (Difco, Detroit, MI) were dissolved in 5 ml saline and given in 1 min to the group I animals. Following this, the rabbits were fed ad libitum for the next 24 hr. After that time blood samples were again obtained and the animals were killed.
Blood chemistries were done on the rabbit serum using an AutoAnalyzer (Technicon, Tarrytown, NY). SGPT was performed by the method of Amador-and Wacker (3), lactic dehydrogenase isoenzymes by the use of Pol-E-Strat, as described by Hoffman (17) , and 5'-nucleotidase by the method of Belfield et al. (4) . Blood counts were performed on E D T A blood by a mechanical automated procedure (Coulter Electronics, Hialeah, FL). Coagulation studies included nonactivated partial time by the method of Langdell et al. thromboplastin (19) , prothrombin time by that of Shapiro et al. (26) , factor V by the method of Wolff (29) , and factor IS by the modified method of Owren (28) . Factor VIII was assayed by the technique of Langdell et al. (19) . Results were obtained in percent-age from a normal curve constructed from the results of mixed plasmas from three normal rabbits. Fibrinogen was determined by the biuret method. Platelets were counted by phase microscopy with the method of Brecher and Cronkite (6) . Split products of fibrinogen were investigated by the staphylococcal clumping test (1 5) .
After the animals were killed the organs were fixed in 10% buffered formalin. Histologic slides of liver, kidney, spleen, and lungs were stained with hematoxylin and eosin and with phosphotungstic acid hematoxylin for fibrin and examined under light microscopy (Figs. 1-3) .
The test results were analyzed statistically. P values were derived from results of the t test obtained for various results. Liver function tests were considered abnormal if values deviated more than 2 SD from the normal means.
RESULTS BLOOD CHEMISTRIES
Changes in blood chemistry values before and 24 hr after endotoxin are shown in Table 1 . There were significant increases in the mean values of SGOT, total protein, serum albumin, cholesterol, SGPT, 5 '-nucleotidase, and lactic dehydrogenase isoenzyme 5. No significant differences were observed in total lactic dehydrogenase, alkaline phosphatase, and bilirubin levels. Review of differences in individual animals between initial values and those after endotoxin revealed that every animal had a significant increase in lactic dehydrogenase isoenzyme 5 and SGOT, and a decrease in total protein and serum albumin. Six animals had elevation in the SGPT level and seven animals had elevation in 5'-nucleotidase level. These tests and a decrease in serum albumin indicate hepatic dysfunction. Abnormal results were at least 2 SD from the mean of the control animals. There were no significant differences in blood chemistries before and after liver biopsy in the control animals not given endotoxin (Table 2 ). There were no abnormal liver function tests in specimens obtained before endotoxin administration in any of the animals.
COAGULATION TESTS
There were significant changes in several coagulation tests in animals given endotoxin (Table 3) . Factors I1 and V were significantly decreased in all animals after endotoxin injection, whereas factor VIII and fibrinogen levels were not significantly altered after endotoxin. A marked drop in platelet count was observed in all animals after endotoxin. Staphylococcal clumping showed slight increase in all animals after endotoxin. The mean levels of the titer of staphylococcal clumping after endotoxin were much lower than we have usually seen during full blown disseminated intravascular coagulation (1) .
There was no significant changes in any of the coagulation factors before and after liver biopsy in the control animals not given endotoxin.
PATHOLOGIC FTNDINGS
Results of the pathologic findings are tabulated in Table 4 . Liver biopsies performed in all animals in group I did not reveal any necrotic lesions but one liver revealed inflammatory reaction around bile ducts and one had fatty infiltration. Of the 10 animals given endotoxin, 7 developed necrotic lesions in the liver. Lesions varied considerably in size and severity. Most of them only involved portions of a liver lobule and the most extensive affected adjacent lobules. Nuclei were either smudgy, pyknotic, or entirely absent. In some areas most hepatic cells had been completely destroyed. A polymorphonuclear leukocyte reaction was usually present in areas of necrosis. The mildest lesions consisted of cell shrinkage with eosinophilic had extensive symmetrical cortical necrosis. The latter animal cytoplasm and some nuclear changes. Fibrin thrombi were seen also had an occasional thrombus in the lung. None of the control in three of seven animals with liver necrosis. They were always animals in group I1 revealed liver necrosis on liver biopsy or at observed within or adjacent to necrotic areas. Renal throm-autopsy. One of these animals showed evidence of parasitic boembolic lesions were seen in only two animals, one of which infestation on liver biopsy, with inflammatory changes around 
Platelets, mm3 ( X lo3) Staph clumping titer portal spaces. Autopsy oi the rabbit showed periportal inflam-after initial injection of endotoxin to rabbits. Similar findings matory lesions and a small granulomatous lesion in the lungs. have been reported by others in mice, dogs, and cattle (2, 13, One rabbit had discrete pulmonary granulomas at autopsy. 18, 20, 23, 25, 27) . In some of those studies, a progressive increase of these alterations with time was demonstrated and DISCUSSION maximum levels were observed after 7-24 hr (13, 20, 23) . The This study has shown a consistent increase in the level of consistency of positive findings in our investigation may be due several serum enzymes (SGOT, and SGPT, LDH isoenzyme 5) to the fact that blood samples were regularly obtained 24 hr after endotoxin. Abnormal values of other liver enzymes have also been reported (7, 13) . We observed a significant rise of 5'-nucleotidase in our study. Alteration of SGOT may result from injury to various tissues, but SGPT and L D H 5 isoenzymes and 5'-nucleotidase are considered specific for hepatic involvement. Lack of elevation of serum bilirubin is not unusual in certain forms of severe liver damage (24) . Participation of the liver in the changes that prepare for the Shwartzman reaction has not been recognized but has been attributed to injury of the Kupffer cells (9) which are important elements of the reticuloendothelial system. Others have observed marked hepatic congestion resulting from early hemodynamic changes (12) .
Hemostatic disturbances in our animals are more difficult to interpret. A decrease in factors I1 and V could be due to liver damage or to DIC. Thrombocytopenia is known to result from a direct action of endotoxin on platelets. Factor VIII levels were somewhat lower after endotoxin, but differences were not statistically significant. There was also an increase in split products of fibrinogen in serum, but this was very mild when compared to the changes observed by us (1) in animals that have a full blown Shwartzman reaction (3-6 dilutions greater). It thus appears that the hemostatic abnormalities were the result of a combination of factors, including DIC. Other investigators have failed to find deficits of clotting factors 24 hr after endotoxin administration, although they have observed alterations in coagulation factors similar to ours at 4 hr (8) . This may be because other investigators used younger animals weighing 1 kg and E. coli 0127-B8 as the endotoxin preparation, compared to our study in which the animals weighed 2.8-3 kg and the endotoxin preparation was E. coli 0111-B4. In addition, many other factors, such as seasonal and climatic changes, result in considerable variations in tolerance to endotoxin.
The presence of hepatic necrosis in this study was unquestionably due to endotoxin. It was not observed in biopsies before endotoxin administration or in control animals which had not received endotoxin. Similar lesions have been observed by other workers (11, 14, 21, 30 ), but they have not received sufficient emphasis.
It is known that intravenously injected endotoxin is concentrated in the liver (20) . This organ is also responsible for the clearance of thrombi from the circulation ( l o ) , an important mechanism in preventing DIC. It is, therefore, reasonable to consider that hepatocellular damage may be an important mechanism in preparation for the Shwartzman reaction. The presence of fibrin thrombi in necrotic areas of the liver suggest early effects of DIC. In rats, such lesions have been prevented by heparinization (21) , which again is suggestive of DIC. It appears that early DIC with vascular changes leads to the development of thrombi resulting in areas of necrosis in the liver. These lesions may effect hepatic function and predispose to florid DIC when the second or provocative dose of endotoxin is given.
CONCLUSION
All 1 0 rabbits given a single dose of 50 ~g l k g gram-negative endotoxin developed abnormalities of liver function after 24 hr. All animals had increased L D H isoenzyme 5 and SGOT and decreased serum albumin. A rise in the level of SGPT and 5'-nucleotidase occurred in most rabbits. All of the animals had changes in coagulation tests with decrease in factors I1 and V and marked thrombocytopenia. There were no significant changes in fibrinogen and factor VIII levels. Split products of fibrinogen showed a slight increase. Definite hepatic necrosis was present in the majority of the animals. The control animals not given endotoxin failed to show evidence of hepatic involvement. These studies indicate that hepatic alterations are prominent after administration of a dose of endotoxin which is considered preparatory for Shwartzman reaction. In view of the role of the liver in replacing consumed clotting factors and clearing thrombi, it is suggested that disturbed liver function plays an important role in predisposing to DIC, which is an intergral part of the Shwartzman reaction.
